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A magnesium based alloy contains from about 2 to about 6 wt.% aluminum and from about 0.1 to about 0.8 wl% calcium, the 
balance comprising magnesium. The alloy includes the intennetallic compound AhCa at the grain boundaries of the magnesium crystals. 
The all y according to this invention may have a cr e ep extension of less than about 0.5 % at about 150 ^C. 
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Title : CREEP RESISTANT MAGNESIUM ALLOYS FOR DIE CASTING 

FIELD OF THE INVENTION 

This invention relates to magnesium based alloys. In 
particular, the invention relates to magnesium based alloys containing 
5 aluminum and calcium. The alloys of this invention are particularly 
useful in die casting applications. 

BACKGROUN D TO THE INVENTION 

Magnesium is the lightest of the structural metals and may readily be 
fabricated by standard processes. Various magnesium alloys have been 
developed for use in various applications including, for example, the 
die casting of parts for automobiles. An example of a magnesium alloy 
which may be used in the fabrication of automobile parts is AZ91. This 
magnesium alloy contains about 8;5% aluminim\ and trace amount of 
other elements. AZ91 is an economically priced alloy for various 
applications including the fabrication of automobile parts. One 
disadvantage of this alloy is that it has a creep extension of about 2.5% 
(at 150 **C) as measured by ASTM Test No. E139-83. Due to its high 
creep extension, AZ91 is unattractive in various applications such as 
components for automobile transmissions where fabricated parts must 
fit together with high tolerances and remain dimensionally stable 
during the operating life of the part. 

A second magnesium based alloy which is available for . 
use is designated AE42. This alloy comprises about 3.8% aluminum 
and about 2.4% rare earths together with trace amounts of ,other 
elements. This product has a desirable creep extension (about 0.3% or 
less at 150 "C). Accordingly, while this alloy may be used to fabricate 
parts having a high degree of dimensional stability. However, due to 
the use of rare earth elements in fabricating this alloy, the alloy is 
uneconomical. 
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SUMMARY OF THE INVENTION 

In accordance with the instant invention, there is 
provided a magnesium based alloy comprising from about 2 to about 6 
wt. % aluminum and from about 0.1 to about 0.8 wt. % calcium, the 
5 alloy having a creep extension less than about 0.5 %. 

Preferably, the amount of aluminum varies from about 2 
to about 5 wt. % and, more preferably from about 4 to about 5 wt. %. In 
addition, the amount of calcium present in the alloy- preferably varies 
from about 0.4 to about 0.8 wt. % calcium and, more preferably, from 
10 about 0.5 to about 0.7 wt. % calcium. 

As is appreciated from the forgoing, the main constituent 
elements of the alloy are magnesium, aluminum and calcium. The 
alloy may also contain other elements (e.g. up to about 0.05 wt. % 
silicon, up to about 0.2 wt. % ziac, up to about 0.25 wt. % manganese) 
15 and impurities (e.g. less than about 0.004 wt. % iron, less than about 
0.008 wt. % copper and less than about 0.002 wt. % nickel). 

It has surprisingly been found that the addition of the 
specified amount of aluminum and calcium result in the formation of 
the intermetallic compound Al2Ca at the grain boundaries of the 
20 magnesium. Without beinjg limited by theory, it is believed that the 
intermetallic compound Al^Ca results in high metallurgical stability 
(due to its high melting point) and strengthens the boundaries of the 
magnesiimi graixis in the alloy. 

Preferably, the alloy comprises from about 1 to about 24 
25 volume % of the intermetallic compound Al2Ca, more preferably 
from about 12 to about 24 volume % and, most preferably from about 
15 to about 20 volume %. 

The alloys of this invention are particularly useful as die 
casting alloys due to their decreased tendencies of hot-cracking and die- 
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sticking, their high creep extension and their relative low cost. The 
alloys may be produced by any standard process tised in the industry. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other advantages of the instant invention will 
be more fully and particularly explained in association with the 
following discussion of the preferred embodiment of the invention 
and the following drawings in which: 

V , Figure 1 is a enlargement of the a section of a die cast 

alloy according to the instant invention; 

Figure 2 is a second section of a die cast alloy according to 
the instant invention; 

Figure 3 is a third section of a die cast alloy according to 
the instant invention; and 

Figure 4 is a drawing of an industrial die casting part used 
in Example 2; 

DESCRIPTION OF THE PREFERRED E MBODIMENT 

. The alloy of this invention comprises magnesium, 
aluminum and calcium. Calcium and aluminum comprise the main 
constituent elements in the magnesium based alloy. As discussed 
20 below^ the alloy may also include other elements as additives or 
.impurities. 

The magnesiym based alloy preferably contains from 
about 0.1 to about 0.8 wt. % calcium, more preferably, from about'P.4 to 
about 0.8 wt. % calcium and, most preferably, from about 0.5 to about . 
25 0.7 wt. % calcium. The use of more than about 0.8 wt. % calcium 
adversely affects the die castability of the alloy due to extensive hot- 
cracking and die sticking. In addition, if the alloy contains more than 



10 



15 
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about 0.8 wt. % calcium, the corrosion resistance of the alloy tends to 
decrease. 

The alloy preferably contains from about 2 to about 6 wt. 
% aluminum, more preferably from about 2 to about 5 wt. % 
5 aluminum and, most preferably from about 4 to about 5 wt. % 
aluminum- If the alloy contains less than about 2 wt. % aluminum, 
then all of the aluminum will tend to be dissolved in the magnesium. 
■ If the alloy contains more than about 6 wt. % aluminum, then the 
aluminum tends to combine with the magnesium to form significant 

10 amounts of the intermetallic compound Mgi7Ali2- This intermetallic 
compound has a low melting point and accordingly has a deleterious 
affect on the properties of the magnesium based alloy. The balance of 
the alloy comprises magnesium. 

The magnesium alloy may also include lesser amounts of 

15 other additives and impurities. For example, up to about 0.5 wt. % 
manganese, more preferably from about 0.25 to about 0.5 wt. % 
manganese may be included in the alloy to improve corrosion 
resistance. Silicon and zinc are typical impurities which are contained 
in the magnesium which is used to prepare magnesium alloys. The 

20 alloy may contain up to about 0.05 wt. % silicon and up to about 0.2 wt. 
% zinc. Other elements may be present in amoimts up to about 0.01 % 
each. 

Iron, copper and nickel have deleterious affects on the 
\ corrosion resistance of magnesium alloys. Accordingly, the alloy 
25 preferably contains less than about 0.004 wt. % iron, and more 
preferably less than about 0.003 wt. % iron, preferably less than 0,008 
Wt. % copper and preferably less than about 0.002 wt. % nicker and, 
more preferably, less than about 0.001 wt. % luckel. 
: : It has surprisingly been found that the addition of 

30 calcium arid aluminum in the weight percents set out herein results 
in the production of the intermetallic compound Al2Ca. This 
intermetallic compound is generally positioned along the grain 
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botmdaries of the magnesium crystals in the alloy. Preferably, the 
intermetallic continuously surrounds the grains of magnesium. 
Figures 1-3 show micrographs of three different alloys prepared 
according to the instant invention. The alloy in Figure.!, designated 
AC50.6 is an alloy according to the instant invention containing 4.5% 
aluminum and 0.6% calcium. The alloy of Figure 2 is .designated 
AC50.8 and contains 4.5% aluminum anjd 0.8% calcitun. The alloy of 
Figure 3 is designated AC51 and contains 4.5% aluminum and 1.0% 
calcium. These micrographs demonstrate the positioning of the 
intermetallic substantially along the grain boundaries of the 
magnesium crystals. 

The magnesium based alloy of the instant invention has 
good creep resistance at temperatures commonly encountered by 
components for cars (e.g. temperatures up to about 150*C). The alloy 
preferably has a creep extension less than about 23%, more preferably 
less tiian about 0.5% and, most preferably less than about 035%. It will 
be appreciated that the greater the amoimt of AljCa which is formed, 
the lower the creep extension of the alloy. Preferably, the alloy contains 
from about 1 to about 24 volume % of intermetallic Al2Ca, more 
preferably from about 12 to about 24 volume % and, most preferably, 
from about 15 to about 20 volume %. 

The alloy is particularly well adapted for use as.. a die 
casting alloy and may be made by any standard die casting process. For 
example, the alloy may be prepared by charging the constituent 
elements to a suitable furnace and elevating the constituent elements 
to a temperature above, their melting point. The mixture may be 
mixed as is known in the art and then poured into a suitable die and 
cooled to produced the die cast element. Alternately, a magnesium 
aluminum alloy such as AM50 may be charged to a furnace. 
Subsequently, after the magnesium aluminum alloy has been melted 
or substantially melted, calcium, such as in the form of 70/30 Mg-Ca 
master alloy, may be charged to the furnace. Once this charge has been 
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melted and mixed, the charge may be poured into a suitable die and 
cooled to produce the die cast element. 

The alloys according to the instant invention have good 
tensile strength at temperatures up to about 150**C, as measured by 
5 ASTM Test No, E8M-90A, and yield strength, as measured by ASTM 
Test No. E8M-90A. The alloys of the instant invention preferably have 
a tensile strength greater than about 21 ksi, more preferably greater 
than about 22 ksi and, most preferably, greater than about 23 ksi. The 
yield strength is preferably greater than about 12 ksi, more preferably 

10 greater than about 13 ksi and, most preferably greater than about 15 ksi. 

The invention will be further understood by the 
following examples which are not to be construed as a limitation of 
the invention- Those skilled in the art will appreciate that other and 
further embodiments are obvious and within the spirit and scope of 

15 this invention from the teachings of the present examples taken with 
the accompanying specificatioi\s. 



Several alloys were produced from a magnesium 
aluminum alloy (AM50) and a calcium magnesium alloy (Mg-Ca 
20 master alloy). The composition of these alloys are set out in Table 1: 



TABLE 1- COMPOSITION OF STARTING ALLOYS 



,25 



MATERIAL 


Al 

Wt. % 


Ca - 

Wt. % 


Cu ■ 
PP'" 


Fe 

pjpm 


Mn 

Wt- % 


Ni 
vvm 


5 


Zn 

PPn^. 


AM50 0) 


5.0 


0.0002 


10 ^ 


20 


032 


10 


70 


200 


30/70 Mg-Ca (1) 
MASHER ALLOY 




30 J2 


0.08% 


0.01% 


0.01% 


0.001% 


0.015% . 


0.006% 



(1) balance is magnesium 



These alloys were charged to a 250 tonne frech hot- 
chamber die casting machine. The feed alloys were raised to a 
temperature in the range 620°C to about bSS^'C and mixed. This liquid 
30 mixture was then charged into a die to form a test specimen. When 
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cooled, the die was removed and the test specimens were subjected to 
tests. The amounts of alloy AM50 and Mg-Ca Master Alloy used in 
each run, and the composition of the resulting alloys are set out in 
Table No. 2. 



TABLE 2 - COMPOSITION OF DIE CAST ALLOYS 



ALLOY 

AC50.<> 
AC50.ft ' 
AC51 


AM50 
kg. 

180 
180 
180 


Ca-Mg 
Master 
ASay 

4.0 
5.6 
6.7 


Al 

Wt.% 

4.S3 
4.53 
4.56 


Ca 

Wt.% 

0.61 
0.85 
1.02 


Cu 
ppm 

2 
2 
2 


Fe 

ppm 

10 
13 
20 


Mn 
WL% 

0.24 
0.25 
0.24 


Ni 
ppm 

1 
1 
2 


Si 

ppm 

16 
20 
18 


Zn 
ppm 

31 
29 
30 



10 .i. Various properties of the alloys where then tested and 

compared against other magnesium based alloys, namely : AZ91 and 
AE42. The creep resistance of the alloys, was measured according to 
ASTM Test No. E139-83. The results of the 150*C creep performance 
tests are set out in Table No. 3. 

15 TABLE 3 - CREEP PERFORMANCE 





AZ91 


AE42 


AC50.6 


AC50.8 


AC51 


STRESS (MPa^ 


35 


35 


35 


35 


35 


TEMPERATURE CO 


150 


150 


150 


150 


150 


DURATION (HOURS) 


200 


200 


200 


200 


200 


RUN 1 


3.25% 


0.257% 


0.29% 


0.274% 


0.287% 


RUN 2 


2.32% 


0.355% 


0.346% 


0.311% 


0.323% 


RUN 3 


2.04% 


0.377% 


0.287% 


0.208% 


0.396% 


AVERAGE 


2^% 


0.33% 


0J1% 


0.26% 


0J33% 



The results demonstrate that the alloys prepared 
according to the instant invention^ namely AC50.6 AC50.8 and AC51 
25 have a creep extension comparable to those of AE42 at 150®C. With a 
creep extension of only , about 0.3%, only slight deformation of 

4 

Structural elements prepared using these alloys will occur, oyer/time • 
The creep extension was one order of magnitude less than the creep 
, extension of standard magnesium based alloy AZ91- 
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The tensile properties of each of these alloys were also 
evaluated at ISO'^C according to ASTM Test No. E8M-90. The results 
are set out in Table No. 4. 

TABLE 4 - TENSILE PROPERTIES 



PRQPERTV 
YIELD STRHNOIH 
psi(MPa) 


13754 
(95) 


AC50.B 

14,844 

(102) 


AC51 

16,266 

(112) 


aS2 " 

15,513 

(107) 


AZ91 

15,965 

(110) 


TENSILE STREN«^ i ri 


22,686 


23369 


23,973 

8.4 


23^ 
(^60) 


2X197 
(159) 


Fl^ONGATlON % 
"average of three specu 


R.4 

ziens 


7.4 









10 



Table 4 shows that the ISO^C tensile strength and yield 
J strength of the alloys prepared according to the instant invention are 
equal to or better than those of magnesium based alloy AE42. 
15 However, the elongation is substantially, lower than the elongation of 
: magnesium based alloy AE42. 

The salt spray corrosion performance of each of these 
alloys was then measured pursuant to ASTM Test No. B117. The 
results are set out in Table No. 5. 



20 



TABLE 5 - SALT SPRAY CORROSION 



RUN NO. 



AE42 
m 



g/an2/dav 
0.1717 



AZ91 

Tng/cm2/daY 



AC50.6 
Tng/c3T\2/dav 



AC50.8 
mg/cm2/dav 



AC51 

tnf /gm2/dav 
n 7317 
0-7531 



Run No. 1 
Run No. 2 



0.2362 



0.1097 



|0.1614 



0-2509 



10.1131 



0.1297 



0.1817 
0.1711 



25 



Run No. 3 



0.1440 



0.1005 



0.1265 



0.1594 



0.0777 



0.0945 



0.2580 



0.1622 



0.2220 
0.2125 
0.2245 



Run No. 5 
Run No. 6 



0.2888 



Q.0460 



0.1257 



0.1780 



0.2322 



00863 



0.097 



0.1314 



0.21 



0.11 



ML, 



0.23 



As can be seen from the forgoing table, the alloys of the 
30 instant invention have similar corrosion resistance to magnesium 
based alloy AZ91 and AE42. In fact, alloy AC50.6, which contains only 
about 0.6% calcium, has a corrosion resistance which is twice that of 
alloy AE42. Accordingly, by selecting an alloy according to the instant 
invention having a lower level of calcium, the.corrosion resistance of 
35 the resulting alloy may be substantially improved. 
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Two alloys with different calcium levels were prepared by 
the procedure of Example 1 and cast into an industrial die for die 
castability study. 

5 The alloys were charged to a 600 toime Prince cold- 

chamber die casting machine. The feed alloys were raised to a 
temperature of 660**C and mixed. This liquid mixture was then 
charged into an industrial die having five zones numbered 1 - .5 
through a siphon tube to form an industrial die casting as shown in 

10 Figure 4. When cooled, the casting was removed, from the die. One 
himdred (100) castings of each alloy were produced and subjected to die 
cast%bility evaluation and mechanical testing. Both visual and real- 
time X-ray inspections were used to detect the casting defects such as 
cracks and incomplete filling. Test specimens for tensile and creep 

15 testing were then machined from zone 3 of the die castings as shown 
. in Figure 4. 

The amounts of alloy AM50 and MgrCa Master Alloy 
used in each rim, and the composition of the resulting alloys are set 
out in Table No. 6. 

20 TABLE 6 • COMPOSITION OF DIE CAST ALLOYS 



AUoy 


AM50 


Mg-Ca 
Master 
Alloy 


A] 

Wt % 


Ca 

Wt. % 


Cu 
ppm 


Fe 

ppm 


Mn 
WL % 


Ni 
ppm 


Si 

ppm 


Zn 
ppm 


AC50.7 


780 


18.6 


4.40 


0.68 


4 


16 


0.26 


2 


10 


200 


AC51 


780 


29.0 


4.40 


0.99 


4 


18 


0^ 


2 


10 


200 



The die castability evaluation results obtained from Ae 
visual real-time X-ray inspections demonstrate that the alloy AC5p.7 is 
readily die castable with very few casting defects. However, in the 
production of die castings using alloy AC51, substantial die-sticking 
25 problems occurred, and significantly more casting defects such as cold 
shots, cracks and sink marks were observed in the castings. 
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The results show that the use of more than about 0.8 wt. 
% calcium adversely affects the die castability due to the increased 
tendencies of hot-cracking and die-sticking during die casting 
productions. The magnesium based alloys of this invention preferably 
5 contain up to 0.7 wt. % of calcium. 

The creep and tensile properties of the alloys were tested 
and compared against other magnesium based alloys, namely AZ91 
and AM50. The results of the ISO'^C creep performance tests are set out 
in Table No. 7. 

10 TABLE NO. 7 - CREEP PERFORMANCE 





AZ91 


AM50 


AC50.7 


AC51 


Stress (MPa) 


35 


35 


35 


35 


Temperature ("O 


ISO. 


150 


150 


150 


Duration (Hours) 


200 


200 


200 


200 


RUNl 


234% 


138% 


0.159% 


0.145% 


RUN2 


138% 


1.67% 


0.146% 


0.145% 


RUN 3 


234% 


3^1% 


0.218% 


0.217% 


AVERAGE 


2-19% 


2.15% 


0.17% 


0.17% 



The results show that the creep extension of the alloys 
prepared according to the instant invention is about one order of 
magnitude less than those of standard magnesium based alloys AZ91 
and AM50. The results also demonstrate that the creep resistance of 
15 the alloys of this invention can be obtained with a calcium content as 
low as 0-6 to 0.7 wt. %. 

The tensile properties of these alloys were also tested at 
ISO^'C^ and the results are set out in Table No. 8. 
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TABLE 8 - TENSILE PROPERTIES 



PROPERTy 


AC50,7 


AC51 . 


AZ91 


AM50 


YIELD STRENGTH 
psi (MPa) 


15,100 (104.1) 


16,700 (115.4) 


15,100 (1043) 


11700 (80.4) 


TENSILE 
STRENGTH 

psifMPa) 


25,900 (178.8) 


26,000 (1793) 


27,800 (191.9) 


23,200 (159.9) 


ELONGATI W % 


16.7 


163 


133 


24.0 



* average of three spedmens ' 



Table 8 shows that the ISO'C tensile strength and yield 
strength of the alloys prepared according to the instant invention are 
5 equa^ to or better than those of magnesitim based alloy AZ91 or AE42. 
The elongation is higher than that of AZ91, but substantially lower 
than that of AM50. 
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WF. CLAIM: 

I A magnesium based alloy comprising magnesium, from 

about 2 to about 6 wt. % alimunum and from about 0.1 to about 0.8 wt. 
% calcium, said magnesium forming magnesium crystals in said alloy, 
5 at least a portion of said aluminum and calcium forming the 
intermetallic compotmd AljCa, said AlzCa being located at the grain 
boimdaries of said magnesium crystals. 

2. The alloy as claimed in claim 1 wherein said intermetallic 

compound comprises from about 1 to about 24 volume % of said alloy. 

;iO 3. The alloy as claimed in claim 1 wherein said intermetallic 

compound comprises from about 12 to about 24 volume % of said 
alloy. 

4. The alloy as claimed in claim 1 wherein the main 
constituent elements are magnesium, aluminum and calcium. 

5. The alloy as claimed in claim 2 wherein said alloy has a 
creep extension less than about 0.5% at about ISO'C. 

6. A magnesium based alloy comprising from about 2 to 
about 6 wt. % aluminum and from about 0.1 to about 0.8 wt. % 
calcium, said alloy having a creep extension less than about 03 % at 

20 about ISO^C. 

4 

7. The alloy as claimed in claim 6 wherein said alloy 
comprises from about 2 to about 5 wt. % aluminum and from about 
0.4 to about 0.8 wt. % calcium. 
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8- The alloy as claimed in claim 6 wherein said alloy 

comprises from about 4 to about 5 wt. % aluminum and from about 0.5 
to about 0.7 wt. % calcium. 

9. The alloy as claimed in claim 6 wherein said alloy further 
5 comprises less than about 0.05 wt % silicon, less than about 0.2 wt. % 

zinc, less than about 03 wt. % manganese, less ti\an about 0.0004 wt % 
iron, less than about 0.008 wt. % copper and less than about 0.002 wt. % 
nickel. 

10. The alloy as claimed in claim 6 wherein said alloy is a die 
10 casting alloy. 

A process for producing cast magnesium based alloy 
articles having decreased elongation comprising the steps of: 

a. forming a molten alloy comprising from about 2 to 
about 6 wt. % aluminum and from about 0.1 to about 0.8 

^5 wt- % calcium, the remainder essentially being 

magnesium; and, 

b. molding said molten alloy and solidifying to form the 
cast alloy article, 

said magnesium forming magnesium crystals in said alloy, at least a 
portion of said aluminvim and calcium forming the intermetallic 
compound AljCa, said AlzCa being located at the grain boundaries of 
said magnesium crystals.. 

12. The process as claimed in claim 11 wherein -^aid 

intermetallic compound comprises from about 1 to about 24 volume 
25 % of said alloy. 
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13. The process as claimed in claim 11 wherein said 
intermetallic compotind comprises from about 12 to about 24 volume 
% of said alloy. 

14. The process as claimed in claim 12 wherein said alloy 
5 comprises from about 2 to about 5 wt. % aluminum and from about 

0.4 to about 0.8 wt. % calcivim. 

15. The process as claimed in claim 12 wherein said alloy 
comprises from about 4 to about 5 wt. % aluminum and from about 0.5 

. to about 0.7 wt. % calcium. 

10 16. The process as claimed in claim 12 wherein said alloy has 

a creep extension less than about 0.5%. 

17. A process for producing cast magnesium based alloy 

articles having a creep extension less than about 0.5 % at about 150**C 
comprising the steps of: 
15 a. forming a molten alloy comprising from about 2 to 

about 6 wt, % aluminum and from about 0.1 to about 0.8 
wt. % calcium, the remainder essentially being 
magnesium; and, 

b. molding said molten alloy and solidifying to form the 
20 cast alloy article. 

18. The process as claimed in claim 17 wherein said alloy 

' ' ' comprises from about 2 to about 5 wt. 7o aluminum from aboTut 0.4 to 
about 0.8 wt. % calcium. 

25 19. The process as claimed in claim 17 wherein said alloy 

comprises from about 4 to about 5 wt. % aluminum from about 0.5 to 
about 0.7 wt. % calcium. 
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* » * * 

20. The process as claimed in claim 17 wherein said alloy 

further comprises less than about 0.05 wt % silicon, less than about 0.2 
wt. % zinc, less than about 0.5 wt. % manganese, less than about 0.0004 
wt % iron, less than about 0.008 wt. % copper and less than about 0.0G2 
5 wt. % nickel. 
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